In 2017, the total fertility rate of women from the Republic of Korea (hereafter "Korea") reached its lowest point, at approximately 1.05% [1], and the total fertility rate has remained below 1.30% from 2002 to 2017, which is referred to as "lowest-low fer-tility" [2] . Of the 11 countries in the Organization for Economic Cooperation and Development (OECD), only Korea has continued to demonstrate a lowest-low fertility status for the past 17 years [3] . Thus, the low fertility rate in Korea has gained much attention worldwide [4] . Despite the government' s efforts to encourage childbirth, the low birth rate in Korea has not improved. In fact, the number of births in the third quarter of 2018 has reached its lowest per quarter [5] .
INTRODUCTION
disease codes, procedure codes, and medication history [17] . Among the variables in the eligibility database, age, insurance contribution quartile, the size of an individual's workplace (fewer than 5 employees, 5-29 employees, 30-299 employees, and 300 employees or more), and workplace and home addresses on January 1 of every year were analysed in this study. The insurance contribution quartile was calculated by dividing the amount of the insurance contribution of the study participants into equal quarters. In the healthcare utilization database, we used the procedure codes for birth, which can distinguish between births of singletons and twins. The study participants included employed insured women (working women) aged 15-49 years; that is, the ages for which the total fertility rate was calculated.
In this study, the total fertility rate was calculated annually, and a logistic regression analysis of childbirth was performed. First, total fertility rates were calculated using the sum of age-specific birth rates of women aged 15-49 years based on a mid-year population. We classified women's residence into 3 patterns (same municipality, same province, and different province) according to differences in workplace and home addresses. In Korea's system of administrative subdivisions, the province is the largest level, and each province has sub-municipalities. The total fertility rate was calculated according to each residence pattern, and a stratified analysis was performed according to the insurance contribution quartile. The total fertility rate of the whole Korean population was also calculated using the NHID to compare the fertility level of working and non-working women. Second, a logistic regression analysis of childbirth according to residence pattern was performed. The presence or absence of birth was considered as the dependent variable, and residence pattern was the independent variable. The adjusted variables included age, insurance contribution quartile, size of the workplace, year of the data (2011) (2012) (2013) (2014) (2015) , and province of residence (17 provinces). Age was the only continuous variable, and the remaining variables were considered as categorical variables. A p-value < 0.05 was considered to indicate statistical significance, and SAS Enterprise Guide version 7.1 (SAS Institute Inc., Cary, NC, USA) was used.
Ethics statement
All components and procedures of this study were approved by the Institutional Review Board (IRB) of the National Health Insurance Service (IRB No. Sa-2017-HR-05-001). This study used secondary data, and each case in the database was de-identified. Therefore, it was not possible to obtain informed consent from each patient. Table 1 shows the general characteristics of the study participants. The number of working women increased from 3,411,930 in 2011 to 4,074,680 in 2015. The number of those who experienced childbirth increased from 144,653 in 2011 to 152,696 in rate. However, after that, the trend was weakened or reversed [7, 8] . This difference may be due to the environment of the workplace, family, and country, but not women's labour activity itself, which is important for fertility.
RESULTS

General characteristics of the study participants
In preceding studies that attempted to identify factors affecting the fertility of working women, individual factors, such as occupational type and earning income, were considered as the main variables [9, 10] . Some studies have addressed the effects of community-level factors, such as childcare infrastructure and unemployment rates [11, 12] . Several policy options-such as financial incentives, child-related leave, childcare provision, and affordable and available housing-are known to increase fertility. Some countries provide social housing programs to support a childbearing environment. Despite the importance of housing policy, insufficient related research has been conducted [13] . In Korea, a study on the effects of work-family compatibility policies was conducted, reporting a limited understanding of the root cause of the low fertility rate [14] . In particular, very little research has investigated the environment related to the increasing employment rate of women in Korea.
As the number of working women has increased, the residence patterns of Koreans have also changed. Kwak [15] classified "weekend couples" into 4 types: those with the husband living apart on weekdays, those with the wife living apart on weekdays, those with the wife and child living apart on weekdays, and those living in multiple residences. Han [16] reported that women's feeling of guilt relating to child care was higher in weekend couples where the separation was caused by women's employment than in those where it was caused by men' s employment. Although various types of residence patterns exist and the psychological burden of parenting has increased, to our knowledge, no prior study has investigated associations between residence patterns and childbirth based on real-world data in Korea. Housing policy and residence patterns are closely related, and an important link also exists between childbearing support policies and residence patterns.
This study aimed to investigate the effects of residence patterns relative to the workplace on the total fertility rate of working women. We sought to test the hypothesis that fertility would be lower if a woman's place of residence is far from her workplace. We used information from the National Health Information Database (NH-ID) of the National Health Insurance Service (NHIS), which is composed of objective administrative data on the whole population of Korea.
MATERIALS AND METHODS
In this study, information on eligibility and healthcare utilization was obtained from the NHID between 2011 and 2015 (Data No. NHIS-2017-1-207). Korea has a national health insurance system, which covers the entire Korean population. The eligibility database includes socio-demographic variables, such as gender, age, region, and insurance contribution based on the income level of the insured, and the healthcare utilization database includes 2015. However, the birth rate decreased (from 4.2% to 3.8%). The proportions of women living in the same municipality, same province, and different province relative to their workplace in 2015 were 33.3%, 35.7%, and 31.0%, respectively. Furthermore, 13.6% of the workplaces had fewer than 5 employees, 31.1% had 5-29 employees, 26.2% had 30-299 employees, and 29.1% had 300 employees or more. The distribution of places of residence was as follows: 23.2% resided in Seoul metropolitan city, 25.0% in other metropolitan cities, and 51.8% in other areas (small cities and rural areas). The first to fourth quartiles of insurance contributions each contained 25.0% of the participants. Their average age increased from 34.2 years in 2011 to 35.1 years in 2015.
Total fertility rate
The total fertility rates by year according to residence pattern are shown in Figure 1 . From 2011 to 2015, the total fertility rates of women aged 15-49 years in Korea were 1.205, 1.253, 1.147, 1.169, and 1.203, respectively. The total fertility rates of working women from 2011 to 2015 were 1.091, 1.139, 1.048, 1.073, and 1.103, respectively, which were lower than those of the overall population Table 1 . General characteristics of the study participants of women in Korea. The total fertility rate in 2015 was highest (1.200) in women living in the same municipality as their workplace, followed by those living in the same province (1.083) and those living in a different province (1.059). Table 2 shows the total fertility rate by year according to the quartile of insurance contribution and residence type. In the case of women from the same municipality as their workplace, the total fertility rates of the first to fourth quartiles in 2015 were 0.969, 1.031, 1.285, and 1.586, respectively. This result indicates higher insurance contributions were positively associated with the total fertility rate. For women from the same province as their workplace, the total fertility rates of the first to fourth quartiles in 2015 were 0.858, 0.866, 1.075, and 1.355, respectively. For women residing in a different province from their workplace, the total fertility rates of the first to fourth quartiles in 2015 were 0.839, 0.809, 1.056, and 1.354, respectively. As of 2015, the total fertility rate of women from the same municipality as their workplace was the highest in all quartiles, followed by that of women from the same province and then from a different province. Table 3 shows the results of the logistic regression analysis of childbirth. After adjusting for the relevant variables, adjusted odds ratio (aOR) for likelihood of childbirth of women from the same municipality as their workplace, and women from the same province was 1.22, and 1.16 (95% confidence interval [CI], 1.21 to 1.22, and 1.15 to 1.17) than women from a different province, respectively. According to the quartile of insurance contributions, aOR for the likelihood of childbirth of the second, third, and fourth quartiles was 1.15, 2.14, and 3.20 (95% CI, 1.14 to 1.16, 2.13 to 2.16, and 3.18 to 3.23) than in the first quartile, respectively. According to the size of the workplace, aOR of the companies with 5-29 employees, 30-299 employees, and 300 employees or more was 0.93, 0.78, and 0.77 (95% CI, 0.92 to 0.94, 0.78 to 0.79, and 0.76 to 0.77) than in those with fewer than 5 employees, respectively. The aOR of age by 1 year increase was 0.93 (95% CI, 0.93 to 0.93). A Poisson regression model was also analysed, but the lo- 
Logistic regression analysis of childbirth
DISCUSSION
Based on this study, working women from the same municipality as their workplace had a higher birth rate than those from a different municipality or province. The differences according to the pattern of residence were consistent across all 4 quartiles of insurance contributions, and the total fertility rate of working women from the same municipality was close to that of the entire population of women in Korea. Even after the size of the workplace, insurance contribution quartile, and residential area were adjusted, residents living in the same municipality as their workplace had an approximately 21.6% higher likelihood of fertility than those living in a different province. Despite various environmental factors, such as childcare infrastructure, living near one' s workplace itself might increase the fertility rate.
This study is meaningful in that it analysed the impact of workplace location relative to residence in working women, which has not yet been approached in the Korean context in the low-birth-rate era. Methodologically, a descriptive statistical method was applied by comparing the total fertility rate, and the influencing factors were compared by logistic regression. As a result, various conclusions can be drawn. The hypothesis that the fertility rate of women living near the workplace would be high was verified through actual field data, and it was confirmed that the living environment is an important factor in the fertility trends of women. The relative difference in the fertility rate according to the quartile of the insurance contribution, an indicator of income level, was the most significant, which supports the results of previous studies indicating that economic factors have caused the decrease in birth rate [6] . Based on a previous study of the distance between one's work and residence, which was similar to this study, Zhang et al. [18] reported that the longer the commuting time of the husband, the lower the birth rate. Huinink & Feldhaus [19] reported a negative correlation between long-distance commuting and expectations of childbirth in women. Both studies had limitations because of a small sample size that included fewer than 10,000 people. Furthermore, Zhang et al. [18] did not address the growing number of women in the workplace, while Huinink & Feldhaus [19] analysed the intention to give birth, but not actual births. Therefore, this study can overcome the limitations of the previous studies.
According to a time-use survey conducted by the OECD, the commuting time of both men and women in Korea was the highest among 29 countries (26 OECD countries and China, India, and South Africa) [20] . For women, the average commuting time was about 42 minutes, which is about twice the OECD average of 22 minutes. The time spent by Korean women on caring for other members of the household was also comparable to that observed in 6 of 29 countries, suggesting that work-family balance is structurally challenging.
In various countries, strategies that encourage childbirth, such as subsidies, have proven effective [21, 22] . In Korea, despite a temporary rebound in the fertility rate due to the implementation of childbirth support policies, the policy is still vulnerable, and its sustainability may be in question [23] . Another study also showed that Korean women's working hours are long, which is a distinct factor in Korea compared to other countries [24] . In addition, women's long working hours and commuting times may not have helped in properly implementing policies to encourage birth. Based on the results of this study, the proximity of women's workplace and residence should be ensured as a way of effectively implementing such policies. Whereas the previous childbirth support policy was an ex-post-facto approach to support the costs of childcare after childbirth, a policy approach considering the location of women's workplace relative to their residence would be a pre-activation policy. In order to increase the fertility rate in Korea, the Korean context-with a high rate of women's economic activitymust be considered. The conclusion that working women's residences should be located near their workplaces means that birth issues should be approached in terms of their relevance to housing policy.
There is a limitation in applying administrative differences, rather than commuting distances, due to the absence of available data. Even if the commuting distance is short, the administrative area may be different. On the contrary, a long commute may be possible even within the same the administrative area. Women's place of residence was analysed at a specific time point in January, and the analysis presented herein did not reflect changes in the address of women's workplace or residence after pregnancy. However, in order to perform the analysis properly from the methodological aspect of research design, it was necessary to set a specific time point. We focused on the differences between workplace and residence locations and assumed that other conditions related to childcare were similar. However, in a living environment that is independent from other regions, such as island regions (e.g., Jeju Island) or administrative capitals (e.g., Sejong), the relative likelihood of childbirth was higher even after adjusting for other factors. Thus, other factors may not have been sufficiently investigated in this study, which can be considered a limitation. Another limitation is that only the quantitative aspect of childbirth according to the location of women's workplace and residence was analysed, while qualitative aspects of births, such as premature birth, were not covered. Women's level of education was not considered because the NHID does not contain any directly relevant variables. There is a possibility of endogeneity in our model, but the intra-class correlation of residence pattern with fertility according to the region (at si/do levels), was only 0.03% in a hierarchical regression model. Therefore, a logistic regression model was used instead of a hierarchical model; however there may have been endogenous factors due to unobserved variables not included in this study. Further research should utilize information reflecting the actual distance between women's workplace and residence and seek to further identify differences in impact relative to the time necessary to commute between those points.
In this study, we examined the effects of differences in distance between residence and workplace on the birth rate of working women, which has not been fully elucidated previously. Moreover, a notable aspect of this study is that information on health insurance claims from the NHID, which have mainly been used for clinical research, can be applied to social issues, such as childbirth. An appropriate approach for the situation in Korea-in which various policies have been made but not effectively implemented-was carried out in this study. The results will be used as a basis for future policies to address the low fertility rate.
